Introduction {#j_hukin-2018-0040_s_001}
============

The hypothalamic-pituitary-adrenal (HPA) axis, in conjunction with the sympathetic system, connects the brain with the periphery of the body. HPA activity can be assessed by means of salivary cortisol ([@j_hukin-2018-0040_ref_029]) and previous studies have shown that salivary cortisol is a better measure of adrenal cortical function than serum cortisol ([@j_hukin-2018-0040_ref_001]); it has also been suggested that salivary cortisol provides a more sensitive marker of changes in cortisol than its serum equivalent ([@j_hukin-2018-0040_ref_007]). Salivary cortisol increases in response to stressors, including physical exertion ([@j_hukin-2018-0040_ref_019]). Exercise, per se, may represent a potent physiological stressor ([@j_hukin-2018-0040_ref_007]) that may increase cortisol concentration, cardiovascular activity, the glucose level and anti-inflammatory responses ([@j_hukin-2018-0040_ref_023]). In addition, results from studies performed in a sport context suggest that a competition environment can induce a greater increase in salivary cortisol that is likely associated with the additional psychological stress generated in response to official competitions. For example, a marked increment in salivary cortisol concentration has been verified prior to a real weightlifting event versus a simulated event ([@j_hukin-2018-0040_ref_002]), during official Jiu-Jitsu matches as opposed to simulated training matches ([@j_hukin-2018-0040_ref_016]), and for official basketball matches compared to simulated matches ([@j_hukin-2018-0040_ref_014]; [@j_hukin-2018-0040_ref_015]).

There is also mounting evidence to indicate that physical stress (e.g. physical exercise) may induce changes in brain-derived neurotrophic factor (BDNF) in humans ([@j_hukin-2018-0040_ref_028]) and rodents ([@j_hukin-2018-0040_ref_022]). BDNF is the most abundant neurotrophin in the central nervous system ([@j_hukin-2018-0040_ref_008]), and is involved in survival, maintenance, and neural transmission in the neural cell ([@j_hukin-2018-0040_ref_010]). BDNF has been suggested to be the neurotrophin that is most sensitive to exercise ([@j_hukin-2018-0040_ref_032]). Exercise-induced changes in BDNF have been examined using different exercise modes and intensities. For instance, studies focusing on the effects of acute bouts of aerobic exercise have demonstrated transient and moderate increases in the plasma BDNF level in healthy males ([@j_hukin-2018-0040_ref_021]; [@j_hukin-2018-0040_ref_027]). [@j_hukin-2018-0040_ref_004] showed that the intensity of the exercise played a key role in eliciting an acute change in the BDNF level. Nevertheless, the effect of physical activity on the BDNF level is still controversial. For example, [@j_hukin-2018-0040_ref_017] demonstrated that serum BDNF was lower in trained men compared to sedentary individuals. Contrary to these findings, [@j_hukin-2018-0040_ref_018] found that athletes had a higher basal blood BDNF level than sedentary individuals, and speculated that this result might be explained by the protective role of BDNF against brain damage or the maintenance of higher attention or concentration, as elevated BDNF concentration was found in combat sport athletes.

Besides the presence of BDNF in serum and plasma, BDNF has been detected in human saliva by [@j_hukin-2018-0040_ref_012] through immunoblotting and enzyme digestions. [@j_hukin-2018-0040_ref_028], using a commercial ELISA kit, confirmed the findings of [@j_hukin-2018-0040_ref_012] in healthy young women, and showed that salivary BDNF release is influenced by the circadian rhythm, with a decline over the course of the day. The authors reported a mean value of approximately 400 pg/ml and close to 200 pg/ml at 9:00 am and 8:00 pm, respectively. Data from other studies using commercial ELISA kits showed that BDNF concentration varied substantially among the investigations. For instance, [@j_hukin-2018-0040_ref_024] reported values of 52.64 ± 8.42 pg/ml and 40.76 ± 4.83 pg/ml in females and males, respectively. A lower value was reported by [@j_hukin-2018-0040_ref_013] who showed a mean salivary BDNF concentration ranging from 14.91 ± 7.70 pg/ml to 22.30 ± 29.99 pg/ml on the 13th-16th days and 21st -24th days, respectively, of a normal menstrual cycle in healthy women. While this diversity in reported salivary BDNF concentration suggests that salivary BDNF may be measurable in human using commercial kits, these findings also suggest that caution is needed when comparing different studies that have adopted different procedures for the collection, storage, and processing of BDNF in saliva samples.

Despite the above-mentioned findings for salivary BDNF in healthy adults, there are still no data available to compare the salivary BDNF level in sedentary male individuals and elite team-sport male athletes regularly involved in activities that require elevated attention and concentration, in conjunction with the high psychophysiological demands inherent to official competitions. This information could contribute to the advance of understanding of the effect of regular physical activity on the salivary level of BDNF, the change in salivary BDNF during exercise, including a real sports environment, and the association between salivary cortisol and salivary BDNF responses to physical exercise.

Therefore, the aim of this study was to compare the concentration of salivary cortisol and BDNF before and after physical exercise in sedentary individuals and elite male basketball players, and to examine the relationship between salivary cortisol and BDNF responses. It was hypothesized that athletes would present a higher resting salivary BDNF concentration, compared to sedentary individuals, and that salivary cortisol and salivary BDNF would increase from pre- to post physical exercise.

Methods {#j_hukin-2018-0040_s_002}
=======

Participants {#j_hukin-2018-0040_s_002_s_001}
------------

Thirteen young adult male sedentary volunteers (23.0 *±* 4.2 yrs) and 20 elite male basketball players from the same team (18.6 ± 0.5 yrs; body height, 192 ± 7 cm; body mass, 88.9 ± 14.5 kg) voluntarily agreed to participate in the study. The control group was classified as sedentary according to the [@j_hukin-2018-0040_ref_035]. The basketball players were members of the same team, which was ranked 1^st^ in the under-19 State Basketball Championship during the period investigated. Each player maintained their normal training schedule in the weeks leading up to the investigated match, which remained relatively stable in terms of training mode, frequency and volume across the entire competition season. Habitually, on a weekly basis, the assessed players participated in 1 or 2 training sessions per day (\~90 min per session), 5 days per week and one official match. Training sessions usually consisted of basketball drills, tactics, sprints, intermittent running exercises and specific conditioning drills, as well as weight training and plyometrics. The two additional inclusion criteria for the present investigation, besides being part of the assessed basketball team were: 1) participation in the 3 assessed official matches; 2) provision of saliva samples at all required time-points. Data from 12 basketball players were retained for analysis, according to these criteria (data from 8 players were excluded from the analysis due to limited participation in the 3 matches assessed). All the players were familiarized with the procedures. Data from 12 sedentary individuals were retained for analysis. Data from 1 participant was excluded due to a high intra-assay coefficient of variation for cortisol concentration (\>2SD). After being made aware of the study purpose and procedures, the subjects signed a written informed consent form, approved by the Institutional Research Ethics Committee.

Procedures {#j_hukin-2018-0040_s_002_s_002}
----------

### Sedentary group {#j_hukin-2018-0040_s_002_s_002_s_001}

Participants in the sedentary group visited the lab on 4 occasions. On the 1^st^ visit, they were informed about the study's purpose and procedures, and signed their written informed consent. On the 2^nd^ visit, volunteers performed a maximal incremental exercise in order to determine the heart rate variability threshold (HRV^TH^) using a digital heart rate (HR) monitor. On the 3^rd^ visit, volunteers performed an exercise protocol at a constant load corresponding to 120% of HRV^TH^ to familiarize the volunteers with the experimental protocol. On the 4^th^ visit, participants performed a constant load exercise at 120% of HRV^TH^ for 30 minutes, in which HR and HRV were constantly recorded. A HR monitor (RS800cx, Polar, Finland) recorded the HR and HRV. Polar Pro Trainer 5 Software (Polar, Finland) was used to download and analyze the R--R interval data. The standard deviation one (SD1) of the R-R interval was calculated using Poincaré plots for every minute by Kubios HRV software (Kuopio, Finland). The HRV^TH^ was considered as the 1^st^ workload during the maximal incremental exercise test, in which SD1 was lower than 3 milliseconds ([@j_hukin-2018-0040_ref_011]).

### Basketball players (athletic group) {#j_hukin-2018-0040_s_002_s_002_s_002}

Basketball players participated in 3 official matches at the same time of day. The 3 assessed official matches were played at the home venue of the assessed team and during the regular competitive season; the entire investigation period lasted 6 weeks. Subjects arrived at the playing venue approximately 90 min before the beginning of the matches. Each investigated match was preceded by a standard 30-min warm-up comprising light aerobic exercise, basketball and team drills, and stretching of the major muscle groups. During the basketball matches, participants were encouraged to drink water during the quarterly breaks to maintain their hydration status. No weight management strategies were implemented and no difference in body mass from pre- to post-match was observed for players for either assessed match. As there was no significant difference between matches for both pre-and post-saliva values, the pooled data of the 3 occasions were retained for further analysis.

### Saliva collection and assessments {#j_hukin-2018-0040_s_002_s_002_s_003}

The saliva sample was obtained by passive drool, in a sterile 15-ml centrifuge tube over a 5-minute period, at rest, before the beginning of the exercise (pre) for the sedentary group, and before the warm-up procedures of each match for the basketball players. The post-sampling was conducted approximately 15 min to 20 min following exercise or a match. No food was taken 90 min before the first saliva sampling. The 3 matches were played at the same time of day (between 19:00 and 21:00 h) and the reference team won the 3 matches. The sedentary group began the testing procedures at the same time of the day as that in which the basketball players participated in the official matches. After collection, samples were stored at -80^o^C until the assay. After thawing and centrifugation (1500*g* for 15 min), samples were tested for salivary cortisol concentration and BDNF concentration using enzyme-linked immunosorbent assays (ELISA, Salimetrics™ and Abnova^TM^ expanded range kit, respectively) according to the manufacturers' recommendations. The BDNF saliva assay was performed according to manufacturer recommendation procedures for serum and plasma analyses, but as adopted by Virjen et al. (2017), saliva samples were not diluted. The sensitivity provided by the manufacturer is \< 15 pg/ml, with a detection range of 32.2-2000 pg/ml. All the analyzed samples felt into this range. Salivary cortisol analyses were conducted in accordance with previously adopted procedures ([@j_hukin-2018-0040_ref_014], 2012b), and the minimum detection limit was 0.33 nmol/L. The samples were analysed in duplicate and the average intra-assay coefficients of variation for the cortisol and BDNF assays were less than 3.6% and 8%, respectively.

Statistical analysis {#j_hukin-2018-0040_s_002_s_003}
--------------------

A mixed model 2-way analysis of variance for repeated measures was used to examine differences in salivary cortisol and BDNF between groups and time-points (pre- and post-exercise) after checking for data normality (Shapiro-Wilk's test) and homoscedasticity (Levene's test). The sphericity of data was assumed according to Mauchly's test results. In the event of a significant difference, a Bonferroni post-hoc test was used to identify any localized effects. The relationship between the change in salivary cortisol and BDNF from pre to post exercise (and match) was evaluated using Pearson's product moment correlation. The correlation magnitudes were considered as trivial (r \< 0.1), small (r \> 0.1--0.3), moderate (r \> 0.3--0.5), large (r \> 0.5--0.7), very large (r \> 0.7--0.9), nearly perfect (r \> 0.9) and perfect (r = 1.0) ([@j_hukin-2018-0040_ref_009]). The software SPSS (v. 20.0, SPSS Inc., Chicago, IL, USA) was used for data analyses. Statistical significance was set at *p* ≤ 0.05.

Results {#j_hukin-2018-0040_s_003}
=======

[Figure 1](#j_hukin-2018-0040_fig_001){ref-type="fig"} shows the results for BDNF concentration in the groups. A significant group effect was observed (F = 14.2, *p* \< 0.001), but there was no effect of interaction (F = 0.003, *p* \> 0.05). A higher resting salivary BDNF concentration (pre) and a higher salivary BDNF concentration after the exercise (post) were observed in basketball players, compared to sedentary individuals. However, no change in salivary BDNF was observed for either group between pre and post exercise (F = 0.61, *p* \> 0.05).

![BDNF concentration in sedentary and athletic (basketball players) groups (mean ± SD). Pre = before exercise or a match; post = after exercise or a match. a - Significant difference from the sedentary group.](hukin-65-139-g001){#j_hukin-2018-0040_fig_001}

[Figure 2](#j_hukin-2018-0040_fig_002){ref-type="fig"} presents the results for salivary cortisol in the groups. A significant interaction effect (F = 16.8; *p* \< 0.001), and a significant effect for group (F = 8.9; *p* \< 0.001), and time (F = 17.9, *p* \< 0.001) was observed. An increase in salivary cortisol concentration from pre to post match was observed for basketball players, while no change for the sedentary group was verified. Additionally, salivary cortisol concentration was higher for basketball players compared to the sedentary group, only at the post-collection time.

![Salivary cortisol concentration in sedentary and athletic (basketball players) groups (mean ± SD). Pre = before exercise or a match; post = after exercise or a match. b - Significant difference from Athletes-pre; c-Significant difference from Sedentary-post.](hukin-65-139-g002){#j_hukin-2018-0040_fig_002}

The correlations between the change (%) in salivary cortisol and BDNF are shown in [Figure 3](#j_hukin-2018-0040_fig_003){ref-type="fig"}, for basketball players (A) (r = -0.11; trivial) and sedentary individuals (B) (r = 0.13; trivial). There was no significant relationship (*p* \> 0.05) between the change in salivary cortisol and BDNF for either group.

![Correlation between changes in salivary BDNF and cortisol for basketball players (A) and sedentary individuals (B).](hukin-65-139-g003){#j_hukin-2018-0040_fig_003}

Discussion {#j_hukin-2018-0040_s_004}
==========

The aims of this study were to: 1) compare salivary cortisol and BDNF concentration before and after physical exercise in sedentary individuals and elite male basketball players, and 2) examine the association between the change in salivary cortisol and BDNF. It was hypothesized that basketball players would present a higher resting BDNF concentration compared to sedentary individuals. This hypothesis was suggested based on recent findings of [@j_hukin-2018-0040_ref_018], who reported a higher basal blood BDNF level in athletes compared to sedentary individuals. The author speculated that this result might be due to the higher attention and concentration demands placed on athletes during combat sports. Despite being speculative, this hypothesis might be plausible. The present results corroborate Oztasyonar's findings and add novel and important information to the literature, since salivary BDNF concentration was compared in sedentary individuals and team-sport athletes for the first time. Taking the results provided by [@j_hukin-2018-0040_ref_018] together with the findings of the present study, it seems that using either blood or saliva, as a means of determining BDNF concentration, a higher BDNF level in athletes (at least for team-sport and combat-sport athletes) would be observed when compared to sedentary individuals.

However, these results are in conflict with those provided by [@j_hukin-2018-0040_ref_017] who showed a lower serum BDNF level in trained men compared to sedentary individuals, and reported negative correlations between serum BDNF concentration and daily total energy expenditure (r = -0.50), movement-related energy expenditure (r = −0.50), and walking count (r = −0.48). As it is still hard to determine whether some causal relationships exist between regular exercise and peripheral BDNF release, further studies focused on explaining not only these relationships, but also the mechanisms involved are, therefore, warranted. Despite the need for evidence to corroborate or refute the positive role of exercise on BDNF concentration, it seems likely that, in general, one could expect to find a positive association. Data from future studies comparing athletes from different sports and with different training experience (elite athletes versus recreational athletes, male versus female athletes, team-sports versus combat-sports athletes, etc.) may aid in advancing the understanding of the BDNF response in athletes, as well as its mechanisms.

It was expected that BDNF would increase from pre to post exercise and that this change could be associated with the change in salivary cortisol, adopted as a marker of psychophysiological stress. However, no significant change in salivary BDNF was verified for either of the groups, from pre to post exercise, despite a significant increase in salivary cortisol for basketball players. In addition, there was no significant correlation between the change in salivary BDNF and cortisol for both groups.

Although few studies have been conducted in humans using salivary BDNF, the hypothesis that BDNF concentration would increase either after official basketball matches in the elite players, or after exercising at a constant high-intensity load in sedentary individuals, was formulated based on the proposed role of BDNF in protecting the human body from stress and increased arousal ([@j_hukin-2018-0040_ref_026]; [@j_hukin-2018-0040_ref_030]) and also taking into account the results from [@j_hukin-2018-0040_ref_031] and [@j_hukin-2018-0040_ref_025],b), who demonstrated a significant increase in plasma BDNF concentration in rats that underwent stress models. These authors attributed these responses to BDNF secretion from the salivary gland into the circulation. A possible explanation for the absence of a significant change in salivary BDNF in the present study might be that the salivary level of BDNF may not reflect the parallel increments that occur locally in the brain and muscle. This speculation was addressed by [@j_hukin-2018-0040_ref_005], but the authors were referring to plasma BDNF, which might be then extended to salivary BDNF, as both may be representative means of evaluating periphery BDNF responses to exercise. Nevertheless, whilst this might be a possible explanation for the lack of change in BDNF in the present study and others ([@j_hukin-2018-0040_ref_006]; [@j_hukin-2018-0040_ref_020] ), this hypothesis is still largely speculative and needs further confirmation.

Another issue that deserves discussion is the intensity of the performed exercises. For example, [@j_hukin-2018-0040_ref_004] showed the role of intensity in eliciting an acute change in the BDNF level as a result of physical exercise. [@j_hukin-2018-0040_ref_021] evaluated the effect of short-term aerobic exercise and a ramp-incremental cycle ergometer test to exhaustion on the acute response of serum BDNF, capillary blood lactate (LA) and cortisol in 8 male athletes. The results of their study showed that BDNF, LA, and cortisol did not change during the warm-up period, but that LA was increased (p \< 0.05) at the end of the ramp test that followed the warm-up period, and during the recovery period. Serum BDNF was only increased at the point of exhaustion (p \< 0.05), while no significant difference was found for resting concentration and the concentration during the recovery period. Moreover, the cortisol concentration increased at 10 and 15 min post incremental exercise, compared to rest.

While these results suggest that the intensity of the exercise might be a key factor in inducing BDNF change, the results of the present study, however, highlighted that other factors and variables rather than training intensity, mode and the physical fitness of the subjects might play a role in acute BDNF responses. The present findings add still more complexity to the understanding of BDNF responses to exercise, but they also contribute to the literature as they describe, for the first time, the lack of change in acute salivary BDNF while performing high-intensity exercise, regardless of the physical fitness of the assessed subjects (sedentary individuals vs. elite athletes) or the mode of the exercise (official basketball matches; intermittent exercise vs. high-intensity constant exercise).

Despite performing exercise in the severe intensity domain, salivary cortisol concentration did not change from pre to post exercise in the sedentary group, while a significant increase was observed in athletes. This result suggests that the inherent psychological stress associated to official matches plays a key role in mediating the HPA axis activity in response to stress and increased arousal activity. However, the absence of changes in salivary cortisol in the sedentary group was partially unexpected. Exercising in the severe intensity domain was expected to induce an increase in cortisol from pre to post exercise in the sedentary subjects due to the permissive effects of cortisol, which allow, for example, catecholamines and other sympathetic products to exert effects on the cardiovascular system, and the critical role of cortisol in metabolism by mobilizing energy resources (Viru and [@j_hukin-2018-0040_ref_033]). It is possible that the duration of the exercise (30 min) may explain at least in part why a change in cortisol concentration was not observed. Additionally, it might be speculated that this lack of salivary cortisol changes would be associated with the mild psychological stress experienced by the subjects during the exercise task ([@j_hukin-2018-0040_ref_003]).

In contrast to the exercise performed by the sedentary subjects, basketball players were involved in a typical stress situation, which may be characterized by social-evaluative threat and an uncontrollable condition, as the results and output of the match are largely unpredictable and uncertain. The increase in salivary cortisol observed in the players evaluated in the present study, is in line with several previous findings that have demonstrated that the additional level of stress associated with real competition settings leads to a greater increase in salivary cortisol concentration in basketball players ([@j_hukin-2018-0040_ref_014], 2012b), weightlifting athletes ([@j_hukin-2018-0040_ref_002]) and Jiu-Jitsu athletes ([@j_hukin-2018-0040_ref_016]). Again, it is worth noting that, despite this significant increase in salivary cortisol concentration for basketball players, no significant change in BDNF was found. This finding suggests that different pathways might be involved in salivary cortisol and salivary BDNF responses, and also that the change in salivary cortisol may not influence the salivary BDNF response.

Among the limitations of the present study, the use of commercial kits that have not yet been specifically validated for saliva analyses should be highlighted ([@j_hukin-2018-0040_ref_034]). However, it is worth mentioning that the BDNF kit used in the present study allowed the detection of the presence of BDNF in saliva. Caution is also needed to further compare the results of the present study with others using different commercial kits or adopting different collection, storage and analysing methods. The fact that data obtained from a single basketball team was used in the present study also needs to be considered, as differences in training routine, physical and technical level, and competition environment might affect results.

In summary, the present findings show a higher salivary BDNF concentration in athletes, when compared to sedentary individuals. Increased salivary cortisol from pre to post physical exertion was observed for basketball players, but not for the sedentary group. Additionally, no changes in salivary BDNF, for either the sedentary or athlete groups, were observed from pre to post exercise. These results might suggest that the higher salivary BDNF concentration observed for athletes might be associated with the repeated exposure of the players to stressful competition situations that ultimately lead to a higher salivary BDNF level. Highly speculatively, we suggest that this result might occur due to the proposed association between BDNF concentration and its role in protecting from stress and increased arousal, as well as the constant and elevated level of attention and concentration associated with decision-making, which occurs during basketball matches. This result suggests that even when a high-intensity exercise is performed, the change in salivary BDNF might not be an expected result, regardless of the physical fitness level of the assessed subjects (sedentary individuals vs. elite athletes) or the mode of the exercise (official basketball matches; intermittent exercise vs. high-intensity constant exercise). Finally, the present results also suggest that different mechanisms might be involved in salivary cortisol and salivary BDNF responses during physical exertion.
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